Abstract-Skin cancer is a medical condition that is becoming more common in many countries as a result of excessive exposure of individuals to sunlight. The ultraviolet range of the electromagnetic radiation is responsible for 90% of the cases involving the development of melanomas. Additional factors like the skin tone and texture can increase the risk of radiation exposure when the water content retained by the skin starts to drop dramatically. In this paper we present a small, batteryless wearable device that combines the computation of sunlight exposure with the measurement of the impedance of the skin and temperature, at any time of the day and independently of the location of the person wearing the sensor. Results have shown a good performance in tracking the ultraviolet index and the variation of impedance for different levels of skin hydration.
I. INTRODUCTION
Skin cancer is the most common form of cancer worldwide with the malignant melanoma being the type of cancer that causes more deaths. The primary cause of melanoma is excessive ultraviolet (UV) exposure for individuals with low levels of skin pigmentation [1] , [2] , [3] , during the summer season. Its occurrence is thus more frequent in North America and Europe as opposed to Asia, Africa and South America. UVA and specially UVB rays are absorbed by the exposed skin and they can lead to DNA damage if extreme exposure to sunlight has occurred [4] , [5] , [6] . For this reason, the World Health Organization has developed a standard called ultraviolet index to give an indication to people in case of protection required against the UV radiation [7] . This index is linearly related to the intensity of sunburn-producing ultraviolet radiation whose scale varies from a value of 0 (low risk) to 11+ (extreme risk). Up to an intensity level of 5, the exposure is considered moderate, from which protection against skin and eye damage is advised.
Although the UV index can be calculated by a whole range of UV sensors directed to the sun, the value reported in weather forecasts accessible via a mobile phone app is, most of the time, a prediction based on a computer model for the moment when the sun is in its highest point in the horizon. Frequently, the prediction is not accurate since it covers a broad geographical area and does not take into account the exact location of an individual (e.g., altitude, proximity to ocean, etc.) and the immediate atmospheric conditions of the surrounding environment.
Some existing wearable technologies to track the UV index can be divided into battery-packed devices to be worn on the wrist or clipped to clothing such as the Ultra Violet, Microsoft's Band 2, Raymio, Netatmo June and StormTag, and battery-less devices like the solar-powered SunSprite and L'Óreal's My UV Patch, the latter a stretchy disposable device that changes its colour when exposed to UV. Most of the aforementioned devices also track the temperature and humidity of the environment and send alerts to a mobile phone when the risk to UV exposure is relatively high. Specific for individuals with systemic lupus erythematosus, Shade device tracks the daily cumulative UV index, enabling to adjust the personal exposure threshold that triggers the lupus symptoms.
In this paper, we present a smart device to be incorporated into a bracelet or ring to measure the UV index under direct sunlight exposure together with the level of skin hydration and temperature at any time of the day and independently of the person's location. Measurement of the level of skin hydration through impedance has not being accomplished yet for any of the available UV trackers on the market today. The level of water has a direct influence in the skin tone, texture, stretchability and smoothness [8] , properties that when imbalanced can lead to skin aging and increase the exposure risk of the underlying tissues to radiation. Electrodermal activity measurements (EDA) are thus indicated to assess the variation in the electrical characteristics of the skin, either in the DC (galvanic skin response) or AC regimes of current excitation [9] . It has been shown by some authors that a change in skin conductance can be associated with the response of the autonomous nervous system to an emotiontriggering event [10] or stress situation, whilst additional factors like medication and hydration [11] , [12] , [13] can also influence EDA recordings. 978-1-5386-1109-8/18/$31.00 ©2018 IEEE 201 The proposed battery-less device uses the Near Field Communication (NFC) interface with a mobile phone to harvest energy and transmit the data in the few seconds that it takes to swipe the phone over the device.
II. MATERIAL AND METHODS
This section describes the embedded electronics involved in the design of the smart device, including data communication and control by the central processing unit, measurement channels and UV index calculation. Data is then sent externally to a mobile phone with the NFC interface enabled and running the Android framework for close range communication.
A. Near Field Communication and Device Control
The NFC interface is a low data exchange rate protocol that uses the magnetic field generated by the mobile phone to communicate with smart devices in close range (≤ 2 cm). The same magnetic field can also power-up nearby devices if their current consumption does not exceed 5 mA, allowing contactless measurements with no need for batteries on the sensing part. In this paper we employ an NFC energy harvesting tag -the NT3H1101 from NXP Semiconductors -that communicates both with a mobile phone (RF interface) and microcontroller (I 2 C interface), while powering the latter, as shown in Fig. 1a . A 10-turn coil is wrapped around the external circuit board of the device with copper wire thickness of 0.4 mm. Simulation of the best geometry for the coil was not performed as the area represents the space occupied by the electronic components over the PCB. However, experimental tests were performing in order to obtain the optimal number of turns for coil that produces a detectable signal on the mobile phone with a small gap of 5 mm. Ten turns revealed to be the best option as the NFC signal intensity starts to decrease with a larger number of turns. This RF interface operates at a centre frequency of 13.56 MHz with data rates of 106 kbit/s, allowing to transfer small data packets of 1 kB everytime the mobile phone comes in close contact with the device. These data packets span all the EEPROM memory content available on the NFC tag, which can only be modified by an external microcontroller (MCU) via the I 2 C interface. The MCU employed for this case is the PIC12LF1855 from Microchip that consumes less than 1 mA of current in the active mode (VCC ≈ 2 V), making it suitable to be completely powered by the energy harvesting module inside the NFC tag. It is the function of the MCU to acquire the data samples from the impedance, temperature and UV channels and store the data on the tag's EEPROM during the reading time required by the RF communication (≈ 2 seconds) 
B. Impedance and Temperature Measurement Channels
The impedance channel developed for the wearable device uses the bipolar configuration to impose a low amplitude DC current to the skin, and sense the voltage difference produced over the same pair of electrodes, as shown in Fig. 1b . An ultra low-power and dual opamp -the AD8506 from Analog Devices -is employed to generate the DC level (V DC ) by means of a filtered voltage-follower and amplify the voltage samples (V SKIN ) through a non-inverting amplifier. The current is imposed by the voltage divider comprising the resistors R SET and R P AR , the latter in parallel with the skin impedance, R SKIN . With this configuration, DC current can never surpass 20 μA (when R SKIN → 0) and the impedance value for skin is limited to 100 kΩ. This value is calculated based on the voltage level recorded at the 202 exploring electrodes and given by to Expression 1. Typical values of impedance for dry skin in the DC regime (or resistance) are in the order of kΩs, whereas moisture and hydration will decrease this value [14] .
Temperature is obtained from the silicon die temperature of the MCU in contact with the skin, as a proportional voltage value converted by the internal ADC of the microcontroller. Both samples from the temperature and impedance channels are digitalized with resolution of 10-bit.
C. UV Index Calculation
For measurement of sunlight exposure, the sensor uses a low-power UV index and ambient light sensor (the Si1132 from Silicon Labs) equipped with an I 2 C interface to communicate with the MCU. The measurement is given as a 16-bit value that represents 100 times the UV index, as standardized by the World Health Organization to measure the human skin's response to different ultraviolet rays from UVB to UVA. The index has been calibrated by the company at the moment of production, although the UV coefficients can be adjusted by the user to meet the requirements of local environment and compensate for eventual glass layers employed to protect the UV sensor [15] . In this paper we use the default coefficients provided by the company with the UV sensor being directly exposed to sunlight (no protection). Figure 2 shows the response of the impedance measurement channel for a set of discrete resistors in the range between 1 kΩ to 100 kΩ and placed over the exploring electrodes, closing the impedance measurement circuit. The same graph shows the curve fit adjustment necessary to obtain a valid calibration of the device to the standard resistor values being measured. Fig. 2 : Impedance response of the device to a set of calibration resistors with 2nd order polynomial fit. Figure 3 illustrates the impedance signal recorded for a group of healthy subjects in the conditions of dry and hydrated skin. The signal was recorded at the tip of the index finger with the exploring electrodes in direct contact with the skin. While the dry skin condition was attained by simply cleaning the fingertip with a dry tissue, for the hydrated situation, a hand moisturiser was spread evenly around the skin in contact with the electrodes. In what concerns the UV index measurements, the device remained in the same location for two consecutive days, with data readings being taken at every half hour, during the sunlight hours experienced by central London in early November as shown in Fig. 4 . For the day expected to present more favourable weather conditions within this time window, the skin impedance and temperature signals of a single subject were also recorded in a 3 hours consecutive exposure time to direct sunlight between 11 AM to 2 PM, and displayed in Fig. 5 . 
III. RESULTS

IV. DISCUSSION
The performance assessment of the device regarding the impedance channel shows a range of measurements between 6 kΩ to 100 kΩ which, given the resolution of the internal ADC, allows to distinguish impedance values for the aforementioned interval in ≈ 100 Ω steps. However, the impedance response of the device is not linear as demonstrated by the 2nd order polynomial fit employed to adjust the channel to the calibration resistors. Several factors can be responsible for this behaviour, including the increase in current consumption of the embedded amplifiers experienced for lower values of R SKIN , as opposed to higher ones. This, in turn, impacts the DC voltage level harvested by the NFC interface in two different manners: the DC level at disposal of the device decreases for low values of R SKIN and increases otherwise. The higher impedance range is, in fact, the interval we want to detect as drier skin levels are more at risk of suffering the consequences from UV exposure.
Regarding the variation of the skin impedance along the group of tested subjects, we can clearly identify a drop in the graph bars with the application of the moisturiser. Figure 3 also shows a large diversity in the impedance value for the fingertip skin in the dry condition, ranging from 40 kΩ to approximately 100 kΩ. For the hydrated skin, a level as low as 15 kΩ was recorded for subject number 9, as opposed to roughly 85 kΩ for subjects 3 and 12. The magnitude of impedance change between conditions is also different among the group, with subject number 1 experiencing the lowest variation and number 9 the highest one. Here, factors such as the position of the fingertip relative to the electrodes, the skin area covered by the moisturiser and biology of the subjects themselves account for the discrepancies in the results.
Finally, the UV measurements obtained by the device remained in the low index range, given the time season for the measurements. Nonetheless, the few hours of continuous exposure to sunlight during a break from bad weather, have revealed a slightly increase in the impedance value for the wrist skin (≈ 1.5 kΩ) relative to the beginning of the recording, even when the temperature started to decrease.
V. CONCLUSION
A wearable device for assessing skin hydration under direct sunlight exposure has been presented that also calculates the UV index using the energy harvested from the NFC interface of the mobile phone. Although simple, affordable and energyefficient, the device can be of practical use in detecting a rise in the impedance of the skin as a consequence of water loss through evaporation instigated by sunlight. Testing the device during the summer season is, therefore, crucial to relate this skin impedance variation with higher UV indexes.
